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ABSTRACT 
In aircraft and aerospace industry, the fastener holes are widely present because a lot 
of its mechanical parts need to be connected by rivets or bolts. However, these holes 
experience external forces which cause a tensile stress on the surface which lead to 
the futigue cracks and eventually lead to fatigue failure of the structure. Hence, cold 
expansion method has been used to improve the fatigue behaviour of structures by 
inducing compressive residual stresses around the ,holes when a tapered mandrel is 
forced through the fastener hole that is a little smaller than the mandrel. In this study, 
finite element simulations had been carried out for cold expansion process in order to 
determine the residual stresses field around two cold-expanded holes by varying the 
centre distance between two holes and the thickness of the materiaL Moreover, the 
effect of through thickness position has been investigated by considering the residual 
stresses distribution at different position such as at the entrance face, at the middle 
thickness and at the exit face of the material. Aluminium alloy 7075-T6 was used as 
the material of the model developed in ANSYS. The results show the effect of 
different adjacent holes distance on the residual stresses field. Moreover, the 
simulation has highlighted the effect of the plate thickness and the through thickness 
position on the residual stresses distribution. 
iii 
ACKNOWLEDGEMENT 
First and foremost, I would like to extend my sincere gratitude to my 
supervisor Dr Saravanan Karuppanan for being a wonderful mentor in guiding, 
supporting and assisting me, also for his knowledge shared with me through the year, 
which are simply precious. 
~--~---I 
Last but not least, to my parents and colleagues, thanks for always standing 
by me and keep supporting me until I managed to complete this Final Year Project 
within the allocated time. 
iv 
TABLE OF CONTENTS 
CERTIFICATION OF APPROVAL 1 
CERTIFICATION OF ORIGINALITY . 11 
ABSTRACT. 111 
ACKNOWLEDGEMENT . IV 
CHAPTER!: INTRODUCTION . 1 
1.1 Background of Study. 1 
1.2 Problem Statement 3 
1.3 Objectives and Scopes of Study 3 
CHAPTER2: LITERATURE REVIEW 4 
2.1 Residual Stresses 4 
2.2 Residual Stresses by Split Sleeve Cold 
Expansion Process due to 
Different Thickness . 5 
2.3 Finite Element Simulations of Residual 
Stresses by a Cold Expansion Process of 
Fastener Holes 7 
CHAPTER3: METHODOLOGY . 9 
3.1 Project Flow • 9 
3.2 Model Parameters 10 
3.3 Modelling in ANSYS. 11 
3.4 Two-Dimensional (2-D) Finite Element 
Modelling 11 
3.5 Three-Dimensional (3-D) Finite Element 
Modelling 16 
3.6 Material Properties 20 
v 

















































